Uveitis can be a serious complication of leptospirosis. Previous studies indicated that the leptospiral lipoproteins LruA and LruB are expressed in the eyes of uveitic horses and that antibodies directed against those proteins show in vitro cross-reactivity with components of equine lens, ciliary body, and/or retina. We now demonstrate that sera from a significant proportion of humans who have leptospiral uveitis also contain antibodies against LruA and LruB. Different categories of nonleptospiral uveitis and autoimmune uveitis were also screened; patients diagnosed with Fuchs uveitis or Behçet's syndrome produced antibodies that crossreacted with LruA and LruB, suggesting similarities of the autoimmune responses in those diseases with those of leptospiral uveitis.
Uveitis can be a serious complication of leptospirosis. Previous studies indicated that the leptospiral lipoproteins LruA and LruB are expressed in the eyes of uveitic horses and that antibodies directed against those proteins show in vitro cross-reactivity with components of equine lens, ciliary body, and/or retina. We now demonstrate that sera from a significant proportion of humans who have leptospiral uveitis also contain antibodies against LruA and LruB. Different categories of nonleptospiral uveitis and autoimmune uveitis were also screened; patients diagnosed with Fuchs uveitis or Behçet's syndrome produced antibodies that crossreacted with LruA and LruB, suggesting similarities of the autoimmune responses in those diseases with those of leptospiral uveitis.
Varied degrees of ocular complications have been reported for human and equine leptospirosis. Infection with Leptospira spp. is the most common cause of equine recurrent uveitis (12, 13) , which is characterized by an initial uveitic episode followed weeks to months later by regularly recurring episodes of intraocular inflammation (10) . Human leptospiral uveitis has been reported in various areas of the world, including the region around the city of Madurai in southern India (6, 17, 22, 23) . The prolonged symptom-free period between leptospiral infection and clinical onset of an ocular condition, the clinical/ morphological similarity of different uveitic entities, and the protean manifestations of leptospiral uveitis all make a definitive diagnosis difficult for the ophthalmologist. Due to the current lack of any specific diagnostic assay, presumptive diagnosis is made on the basis of a past exposure to a potentially contaminated environment, the exclusion of other etiologies, and a positive microscopic agglutination test (MAT) (20) .
Although MAT is the gold standard for diagnosis of leptospirosis, its usefulness as a reliable laboratory test for leptospiral uveitis needs to be evaluated in various settings and conditions. Several recombinant proteins have been proposed as potential candidates for improving the serodiagnosis of leptospirosis in humans and animals (2, 11, 18) . Recently, two leptospiral lipoproteins, LruA and LruB, were associated with equine leptospiral uveitis (25) . These antigens elicited very strong immunoglobulin G (IgG) and IgA responses in uveitic eyes. Moreover, LruA and LruB antibodies reacted with proteins in equine ocular tissue extracts, implicating autoimmune aspects with leptospiral uveitis (25) . The encoding genes, lruA and lruB, are present in infectious Leptospira interrogans but not in nonpathogenic Leptospira biflexa. In the current study we examined the association of LruA and LruB with human leptospiral uveitis by measuring serum antibody levels in leptospiral uveitis patients and comparing these with the levels in patients affected with other forms of uveitis.
Uveitis patients attending the Uvea Clinic, Aravind Eye Hospital, Madurai, India, were recruited for the study after they had provided informed consent and after approval of the study by the Institutional Review Board of Aravind Eye Hospital. Clinical diagnosis of leptospiral uveitis was based on a detailed clinical history, an extensive review of systems, a complete ophthalmic examination, and laboratory and ancillary tests. After clinical diagnosis, MAT was performed following standard procedures (7), using 19 leptospiral serovars obtained from the Royal Tropical Institute, The Netherlands (19) . As the sensitivity of the MAT is low, a set of clinical diagnostic predictors, identified using samples from more than 500 seropositive leptospiral uveitis and 4,800 nonleptospiral uveitis cases by multiple logistic regression analysis (21) , was used to identify seronegative leptospiral uveitis cases. Acute, anterior or pan, nongranulomatous uveitis with hypopyon, disc edema, vasculitis, and vitreous exudates were taken as inclusion criteria. (8, 21, 23) . In addition, idiopathic uveitis and other entities associated with HLA B27, leprosy, sarcoidosis, and tuberculosis were carefully evaluated for exclusion from the leptospiral uveitis group.
Identification, cloning, and expression of recombinant LruA and LruB have been described previously (25) . Briefly, following PCR amplification of chromosomal DNA of L. interrogans serovar Pomona type kennewicki (JEN4) using gene-specific primers, amplicons were inserted into pET-15b (Novagen, Madison, WI). Recombinant plasmids were transformed into Escherichia coli BL21(DE3) (Novagen, Madison, WI), and recombinant His-tagged proteins were isolated and their purity tested as previously described (25) . Enzyme-linked immunosorbent assay (ELISA) plates were coated with recombinant LruA and LruB (50 ng/well) in bicarbonate buffer (pH 9 ⅐ 6) by incubation overnight at 4°C. The next day, after washing (Immunowash; Bio-Rad) in phosphate-buffered saline-Tween 20, plates were blocked with 5% dry milk in phosphate-buffered saline-Tween 20 for 1 h at 37°C. Diluted serum samples (1: 100) were added to each well, incubated for 1 h at 37°C, and then washed to remove unbound material. Bound IgG was detected using horseradish peroxidase-conjugated antibodies to human IgG (Sigma, St. Louis, MO; 1:4,000). Plates were developed using ortho-phenylene diamine (Sigma). All samples were analyzed in triplicate. Several control wells without antigen, serum, or horseradish peroxidase conjugate were included to detect nonspecific binding. Sera from five healthy (nonuveitic, MAT-negative) population controls were used as negative controls. The cutoff value was defined as the mean absorbance value for population controls plus two standard deviations (SD). Data obtained from ELISA were analyzed by the MannWhitney Wilcoxon test. Correlation between LruA and LruB antibody levels in sera of leptospiral uveitis patients was performed using Excel X software (Microsoft Corporation). A P value of Ͻ0.05 was considered significant.
Thirty patients with clinical evidence of leptospiral uveitis on August 27, 2017 by guest http://cvi.asm.org/ and a positive MAT reaction were selected for the study and designated the "MAT-positive leptospiral uveitis" group. At the time of presentation at Aravind Eye Hospital's Uvea Clinic, no member of this group had any symptom of acute leptospiral infection. Eleven patients fulfilling the specific clinical criteria for leptospiral uveitis but seronegative by MAT comprised the "MAT-negative leptospiral uveitis" group. In the MAT-positive leptospiral uveitis group, 20 out of 30 (67%) were seropositive in the LruA-specific ELISA (Fig. 1A) . Similarly, 21 out of 30 (70%) MAT-positive leptospiral uveitis cases were seroreactive for LruB ( Fig. 2A) . Interestingly, in the MAT-negative leptospiral group, 64% were seropositive for both antigens (Fig. 1A and 2A) . Together, 66% and 68% of sera from all leptospiral uveitis cases (MAT positive and MAT negative) contained significant levels of antibodies for LruA and LruB, respectively. Leptospiral uveitis shares several clinical features with other uveitic entities, such as Behçet's uveitis, brucellosis, Fuchs heterochromic iridocyclitis, HLA B27-related uveitis, sarcoidosis, syphilis, tuberculosis, and other related forms of uveitis. For example, hypopyon can be seen in young patients suffering from leptospiral uveitis, Behçet's uveitis, and HLA B27-related uveitis (23) . Similarly, the vitreous inflammatory reaction is a common feature of leptospiral uveitis, acute retinal necrosis, endogenous endophthalmia, and toxoplasmosis (23) .
To evaluate the effectiveness of LruA and LruB in differen- tiating leptospiral uveitis from other uveitic entities, several control groups were examined. Ten nonleptospiral uveitis patients comprised one set of controls. This group included patients with nonleptospiral uveitic entities, such as viral uveitis, sarcoidosis, and idiopathic uveitis. In this group, 2 and 1 of a total of 10 cases were seropositive to LruA and LruB, respectively ( Fig. 1A and 2A) . Patients with leptospiral uveitis had significantly higher LruA-and LruB-specific antibody levels than those with nonleptospiral uveitis (P Ͻ 0.01 for both). In addition, LruA and LruB antibody levels in sera from patients with MAT-positive leptospiral uveitis, MAT-negative leptospiral uveitis, and nonleptospiral uveitis patients were highly correlated (r 2 ϭ 0.982) (Fig. 3) . Another set of controls comprised 27 patients with autoimmune uveitis diagnosed with Fuchs uveitis (14 cases), Behçet's uveitis (7 cases), Vogt Koyanagi Harada syndrome (VKH) (4 cases), and sympathetic ophthalmia (2 cases). Unexpectedly, for Fuchs uveitis, 64% and 71% were positive for LruA (Fig.  1B) and LruB (Fig. 2B) , respectively. In Behçet's uveitis, 86% of cases were positive for both antigens (Fig. 1B and 2B) . Fuchs uveitis is a chronic, unilateral iridocyclitis characterized by iris heterochromia that leads to the development of abnormal uveal pigment with chronic low-grade inflammation, eventually causing iris atrophy and secondary glaucoma (4). Behçet's uveitis, a component of Behçet's syndrome, is seen as a chronic inflammation of the uvea (1). Both Fuchs uveitis and Behçet's syndrome are believed to be autoimmune diseases (1, 5, 9, 14, 15, 24) . Recent studies have shown that antibodies directed against LruA and LruB cross-react with several equine ocular proteins, including lenticular, ciliary, and retinal components, which share significant sequence homology with their human counterparts (A. Verma and J. F. Timoney, unpublished data). In combination, the observations on reactivity of sera from patients with different uveitic syndromes suggest that a limited repertoire of epitopes participate in autoimmune-mediated uveitis. Further investigations into this phenomenon are ongoing, including characterization of autoantigens recognized by LruA-and LruB-directed antibodies and by sera of patients with Fuchs and Behçet's uveitis.
No serum from four patients with VKH and one of two sera from patients with sympathetic ophthalmia yielded a positive reaction with either antigen (Fig. 1B and 2B ). Although the sample sizes were too small for the results to be conclusive, the absence of reactivity with LruA or LruB suggests possible differences in autoantigens involved in the pathogenesis of these conditions.
An association between a significant antibody level against LruA and LruB and the presence of cataract was evident, irrespective of the group of uveitis patients. Of the 23 patients with cataract, 15 (67%) were seropositive for LruA and 14 (61%) were positive for LruB (Table 1 ). All groups with cataract except the leptospiral uveitis group had significant levels of LruA and LruB antibody irrespective of type of uveitis (P Ͻ 0.05). Since there was only one patient in the leptospiral uveitis group, it was not included. Cataract is a common complication of uveitis in human and equine patients but usually remains stable after initial inflammation is controlled. Spontaneous absorption of cataract, though seen mainly in traumatic cataract, congenital rubella, and age-related leaking Morganian cataract (3, 16) , has also been reported in a small number of leptospiral uveitis patients (22) .
In conclusion, antibodies directed against LruA and LruB were found in Ͼ65% of sera from MAT-positive and MATnegative patients with leptospiral uveitis. These patients were from different districts of the southern Indian state of Tamil Nadu, and information on infecting serovars is not known. Although the sequences of genes encoding LruA and LruB are known to be highly conserved among the pathogenic serovars of L. interrogans (25) , the absence of significant serum levels of LruA and LruB antibodies in some clinical cases may be due to antigenic differences in the proteins expressed by the endemic local serovars.
LruA and LruB antibody levels may be of value in differentiating leptospiral uveitis from idiopathic uveitis but, intriguingly, not from Fuchs and Behçet's autoimmune uveitis. Cataract is a feature common to both Fuchs and leptospiral uveitis. Moreover, Behçet's uveitis clinically mimics leptospiral uveitis. The high levels of antibodies that are cross-reactive with LruA and LruB in patients with Fuchs and Behçet's uveitis and the strong association between LruA and LruB antibody levels and presence of cataract in different groups of uveitis patients suggest that identification of reactive host pro- 
